Results
Nucleolar morphology changed from predominantly round-shaped (round=R, 95%; oval=0v, 5%) at T0 to a mixture of types within two hours following exposure of the leaf base to ambient atmosphere (R, 0v, elongated-oval=E0 , and dumbbell= DB). E0 and DB nucleoli were first observed about 100 minutes following exposure. First classification of nucleoli and nucleolar first vacuoles were made at T2 and the last at T24 (Table 1) . Vacuoles were first observed in DB nucleoli at T2 and EO nu cleoli at T3. The percentage of nucleoli with nucleolar vacuoles increased with time (E0 and DB at T2, T3, and T4, generally 10%; E0 and DB at T6, 20%; and DB at T24, 70%). The shapes and areas of 180 nucleoli observed at T0, T3, and T6 
Discussion
Nucleolar morphology in outer epidermal cells of the turgid leaf bases changed within two hours after exposure to ambient atmosphere. As the R nucleoli that ac counted for 95% of the T0 nucleoli decreased in number, the Ov, EO and DB nucle oli increased. Because of these observations, the increase in nucleolar sizes, and vacuolation of nucleoli that enlarged, we infer that transcriptional activity was occurring in the NOR and that ribosomal subunits were accumulating around the nucleolus while others were being transported into the nucleoplasm and cytoplasm (Barlow 1970 , DeBarsy et al. 1974 , Fransolet et al. 1979 , Galan-Cano et al. 1975 , Johnson 1969 , Moreno-Diaz de la Espina et al. 1980 . Although area means for nucleoli within each of the four types were statistically alike (except for R nucleoli at TO and T3), we interpret the data to be biologically significant and infer that the sequence of nucleolar changes were as follows: R nucleoli enlarge to form Ov; Ov nucleoli undergo NOR extension to form E0; and, E0 nucleoli increase in size forming DB. The two hemispheres of DB represent all possible combinations of small and large structures. In some cases, the two hemispheres appear to separate. The overlapping area ranges probably account for the lack of statistical differences with nucleolar types. Similarly, the ranges overlapped between types. The R nu cleoli at T6 had the shortest range. Whether the areas are related to NOR elonga tion remains to be determined. Although our observations of vacuolate nucleoli within two to three hours are more rapid than that in excised tuber tissue incubated in water (Rose et al. 1972, Williams and Jordan 1980) , we consider the responses of nucleoli in the two tissues to be similar: i.e., changes from quiescent to activated cells. However, the tissue strips from onion were studied without fixation and with little hinderance from cytoplasmic material. The work of Heitz (1931) and Fisher (1934) may prove helpful in more critical comparisons of nucleolar morphology in normal, activated, and wound-activated tissue. Onion epidermal cells from young and old leaf bases and from basal, equatorial, and apical locations of the same leaf base may prove helpful in determining the effects of cellular senescence on nucleolar responses (Kulfinski 1979a , 1979b , Kulfinski and Pappelis 1976 .
We believe Reese et al. (1981) observed DB nucleoli in onion epidermal cells in both wounded and fungus infected tissue. The gradients in nucleolar sizes and dry mass in their treatments suggest physiological gradients; cells nearest wounds and adjacent to infections being more active than more distant cells. Also, they reported that the number of nucleoli per nucleus varied considerably: the number of nucleoli per nucleus at the time of wounding or inoculation ranged from none to three, gener ally one; and, the number of nucleoli 48 hours later ranged from two to six per nu cleus, generally three. The means were 1.2 nucleoli per nucleus at time of wounding or inoculation and 3.3 nucleoli per nucleus 48 hours later. They interpreted the data as showing an increase from one or two spherical nucleoli to one or two DB nucle oli. Maggini et al. (1978) reported two cultivars of onion they studied were poly morphic for the number of NORs per genome; i.e., plants with two, three, or four NORs were observed. They reported an exact 1:1 relationship between NOR number and the maximum number of nucleoli in interphase nuclei. The ribosomal DNA level varied from plant to plant with the same cultivar (maximum, 2.5 fold). There was no correlation between ribosomal cistron numbers, number of NORs, and any morphological and/or physiological characteristics of the plants. Chromo somes of a subtelocentric pair (Ms7 of Battaglia 1957) constantly carried terminal NORs but they were heteromorhpic for these bands. In addition, one or both homologues of the shortest submetacentric pair (Ms8 of Battaglia 1957) may carry smaller terminal NORs.
Genes in most eukaryotes for ribosomal DNA are repeated in tandem and located in two or more NORs. Maggini et al. (1978) reported that an individual variation for these genes exist in onion (from 5,000 to 12,500 genes) and that the num ber of genes is not in direct proportion with the NOR number. A. cepa was found to have at least two types of ribosomal genes (Maggini and Carmona 1981) . Thus, variations may be expected in data from various laboratories and from the same laboratory regarding nucleolar number per nucleus of onion cells. It may be that the variation in gene number per NOR and the two gene types can be detected by carefully noting differences in nucleoli within the nuclei of one plant using quiescent and activated cells, classification of nucleoli by size and diameters along the NOR, measuring the NOR distance in EO and DB type nucleoli, and determining the dry mass for each nucleolus in both quiescent and activated states. Since there are two genes for ribosomal DNA, it may be that specific inhibitors and activators occur for each. The possibility exists that the two genes function separately during cell growth and differentiation, cell division, and senescence. We are interested in determining whether both genes are active during host-pathogen interactions; especially in resis tant responses. Since mixed random interbreeding and selfing are common in com mercial practices and no selection system exists for breeders to locate plants with ribosomal cistron number or number of NORs or types of genes, it may be difficult to obtain identical plants for these traits for use in pathological studies except by using activ ecells obtained from field grown plants prior to harvest. Also ribosomal DNA amplification is known to occur in A. cepa root metaxylem cells (Avanzi et al. 1973 , Durante et al. 1977 . Whether this will be a significant factor in host response to pathogens also remains to be determined.
Summary
When onion bulb epidermal cells are activated by exposure of turgid leaf bases to ambient atmosphere, nucleoli in cells adjacent to wound sites enlarge within three hours and change their shapes from round to oval and elongated-oval, and finally form dumbbell-shaped nucleoli. Nucleolar vacuoles were observed in 10 of the elongated-oval and dumbbell type nucleoli three hours after wounding and exposure to ambient atmosphere and in 70% of these 24 hours after treatment. These changes are inferred to be the result of activity at the molecular level (RNA transcriptional and ribosomal subunit processing).
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